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Expression of Prostate-SpedficMembrane 
Antigen in Normal, Benign, and Malignant 
Prostate Tissues „ 

George L. Wright. Jr. PhD.H« Cara Haley. BS.-« Mary Lou Beckett, MS. « and 
Paul F. Schellhammer, MD'-t"*^ 



Prostate-spedfic membrane antigen (PSMA) Is a trans- 
men^ranTgTycoprotein recognized by themunne mono- 
dona! antibody (MAb) 7EI l-CSJ bo* -tej* ^gJi 
3SI) and immunoeonjugate form (CYT-3S4). P^ 0 " 
studies have shown that tissue expression of PSMA > is 
highly restricted to prostate tissues. In this study. £ defin- 
itive immunohistochemlstry evaluation was performed » 
assess PSMA expression inprostate Ussues. A i^nmdex 
was established by multiplying the percentage of seaine* 
cell, by the intensity of the stained cells to provide .quan- 
titative measurement of PSMA expression n the various 
Sssue types. The cellular location of PSMA, its con-elaOon 
with d Weal status, and its comparison w.th 
of prostate-spedfic antigen (PSA) were «~ lu * t £ h ™: 
tate-spedfic membrane antigen was f ? u " d "^SZ 
expressed in most of the normal intraep.theliat "~P^ a « 
the primary and metastatic prostate speomen, 
evaluated. Inwntrast to PSA. PSMA „press.on wasof ten 
heterogeneous with variable staining P*" e ^« 
from a* low-level diffuse cytoplasmic^ '^J^J 
prostate epithelium to very intense .^ to P'^ ^ ""Jt^ 
membrane staining in high-grade primary ^^"^ ^ 
metastatic tissues. The predominant ^oplasm^staimng 
was expected because the antigenic epitope J> f ^™J£ 
transmembrane glycoprotein recognized by "J*™^ 
CSJ is located in the cytoplasmic domain. B * n, ^J^™ f 
tumors, ie. hypertrophy, showed the lowest «P~f °" £ 
PSMA with a stain Index of 52. compared stain In- 
dexes of 14* and 2S8 for normal prostate bone met- 
astatic tissues, respectively. The reason for the W*"** 
oown-regulation of PSMA in benign prostate rn^e ^ 
known but may be related to a splicing van»t or post 
translational mV«tion of PSMA. ^essio" «< "JJ* 
was observed to increase with increasing pa^olo^glc grade, 
but not with clinical stage. Although PSMA^ overex- 
pressed in poorly differentiated and me ^**P™5X 
humors, expression in the primary ^ m ^ n or ^in" 
with nodal status, extracapsular peneCration or ~ m '"*> 
vesicle invasion. These results suggest that PSMA is not a 



useful biomarker of disease^ Progression; however, high 
expression does appear to be as*><*»"d *VT!?2 
Ijiressive prostate eardnoma phenotype. The restricted 
specificity, differential prostate tissue expression, and 
overexpression of PSMA in metastatic tissues support the 
continued study of this unique prolate tumor-assodated 
biomarker for developing "^.f^^.^.l Tf^* 
therapy of prostate cancer. (Urol Oncol 1995.1:10-08) 
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Prostate cancer is the most common (noncutaneous) 
cancer diagnosed in the American male and is steadily 
increasing, not only as a result ol an Increasing popu- 
lation of older men, but also because of greater awareness of 
the disease and earlier diagnosis using tumor markers ijsucn 
Is prostate-specific antigen (PSA). It is projected that ZOOjXJO 
men were diagnosed with prostate cancer In 1994, represent- 
in- a 34% increase in the number ol prostate cancer cases 
(leSjOOO) diagnosed in 1993. II the 1994 estimate Is ^ccuratc. 
•prostate cancer will become the most commonly diagnosed 
cancer, exceeding breast cancer (183J0OO) by 27000 cases. 
More than 38.000 men are expected to die of prostate cancer 
in 1994. making deaths from prostate cancer second only to 
lung cancer deaths. Patients diagnosed with localized disease 
have far better survival rates 1 than patients diagnosed with 
metastatic disease. Early detection ol localized prostate can- 
cer and improved treatment of metastatic disease are Impor- 
tant strategies to reduce prostate cancer deaths. 

Although serum PSA measurements have had a major im- 
pact on the diagnosis and management ol prostate «ncet. . 
PSA is far from being the ideal cancer nute^Timqgwe 
percent of patients with benign prostatic hyperrophy fJBPH) 
present with elevated levels of PSA, appixndrnatety 30% «of 
prostate cancer patients present with normal ^^**'*T* 
■ PSA expression is unable to differentiate biologically active 
from Inactive cancers. These statistics suggest 0*0^5™" ■ 
leal markers are needed to Improve early diagnosis, to iden- 
tity aggressive tumors, and to develop new therapeutic strat- 
egies. A new prostate marker, prostate-specific membrane 
antigen (PSMA). may meet one or more of these otJ|ecuves. 
Prostate-specific membrane antigen appears to be a trans- 
membrane glycoprotein with a major ^ J°W»J compo- 
nent 4 -* recognized by monoclonal antibody (MAb) 7EII- 
CSJ3 7 Recently, the cDNA encoding PSMA was cloned, and the 
deduced amino acid sequence, revealed a novel polypeptide 
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„< Climcal ^^™£2£&Z 

therapy, respectively- fj^" lri{ £d topros tale tissues, 
that PSMA express,o« is J^JJJJJ* tLucs appeared, 
and that the express.cn in normal ^ros tissucs . These stud- 
to ^ ,ess than JJ^KSSJt specificity of PSMA 
ics, performed pnmanly «> uciw specimens, 
expression J^^SJSS^ S sT«* was 
and no relation of re ^ . derin itive descripuon 

presented. In this report, « FJ^^ ronnil prostate, 
of the differential ^^. 0 " and primary and 

BW.prostaieintraep.thdia^^^ ^^on 

metastatic prostate ^"^^^^traprostatic dis- 
ci PSMA expression to tumor grade ana exirap 

ease. 



Materials and Methods 



Tissues Mocks ol transurethral re- 

Formalin-Oxed. P^^^ec spSmA. °< pros- 

sected ^^\^ h P n ^f^ne^tatic tissues 

tate carcinoma, and l 5^J^%" tole Center Tissue Bank. 

were obtained from the "Jes aged 16 to 45 

Ncrmalprosutetis^ewascb^frcrn^ ^ 

years with no evidence of P™f ^J^T^rs after death, 
^obtained by -W-"^ ^Sniversity ol 
(rem the Cooperatwe Hu ^J^ e Sk Medical Exam- 
Alabama at Birmingham; ^^^Ulfin embedding 
iner s Office. All ««^TSe«d formalin. Sam- 

liquid nitrogen. 

body or CYT-3bl J ana *« -^f^UN wcrc provided by 
lowing our published protocols. 



From this point on. both frozen and r^ffin-embedded sec- 
•ions were treated in the same numner.. Nonspecific binding 
waTblocted by incubation with 10% normal horse serum lor 
Trf m ;mu« loUowed by a 30-minute incubation with the P n- 
^an^yei^TE^ 

Snuiincubation with the biotinylated secondary anti- 
10-minute ,ncu ^°" eomnlex. The optimal concentrations 
rS."2£52 £ u^L ?MAb 7EII-CS3 and 2 ^ 
or F^^ lSt^rnined by titrating the MAbs on nor- 
Sll BPH 3 prostate carcinoma tissues. These concentra- 
oonsf i *e £me antibody lot v«re used for ^uabngaU 
m^oedmens in this study. After development with the chro- 
^^te^'-diaminobemidtae tetrahydrochloride 

age PSMA-positive cells by the mean staining intensity. 



The expression ol PSMA andreA '^ aueVecta, 
the avidin-biOtin peroxidase W «*• „ described 

previously. 13 - 13 Bneiiy, « F»h« ^ a graded se- 

^ralfinized. and rehydrated was blocked 

^es of alcohols. EndopM P^g^™. F * ZC n sections 
with 02% H,O a in me «J«°^0 ™" u and stored 

were cut at 6 l^^.^^'TJaO minutes before pro- 
at -20*C until used. Or a.r dried Q for ?0 ^u dase 

ceedins with the fining «*J^J lor ? „V,nutes. 
activity was blocked with 3A>% H 2 U, 



Results . 

Expression of PSMA and PSA in Normal, 

otaMAb to PSA using the irrununop^o^e ^y on^raren 
.and formalin-fixed, parairm^mbedded ^^^J 
r,««t»te soecimens consisting of normal prostate, orrv , «» 

S^ant^nLy and ^^JZT^i^ 
optimizing the staining conditions. ^j£JJ_>™ ~. 
shown) and paraffinized tissue *P«^J^J£^ £e 
Sent gave Identical staining patterns tor J^^J^^ 

™< Pt S% g for VpSSat Sue^S wi* ihe 

ranged from 80-88%. tor au prosum . . raMfcV Ninety- 

exception ol the bone metastatic »P~^<^££Se 
. "net 100% ol the prostate ^^.^^^^ 
exception ol the ^^^^^e^Sttage of 

Srexp^r^ 
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Tissu e 

Normal 
BPH 
PIN 
CaP 

LNmets 
Bone mets 



No. positive/ 
no. tested 

12/12(100%) 
22/27(81%) 
21/21 (100%) 
157/165(95%) 
72/79(91%) 
7/7(100%) 



Mean % 
po sitive cells 

77 
29 
59 
53 
72 
92 



No. positive/ 
no. tested 

12/12(100%) 
27/27(100%) 
21/21 (100%) 
161/165(98%) 
74/79(94%) 
4/7(57%) 



Mean % 
positive cells 

98 
95 
98 
81 
81 
48 
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carcinoma. A). C). and E) «a.ned (or «^*£>; ^ ^ lt?Wn i W«c«i^ 



FIGURE 2. Prostate carcinoma '" uc * ""^X jiHcrcnti»««J carcinoma. A). C). and E) stained (or PSMA; 
modemelr differentiated earcinorna: E) and ^ P°"*" ^.differentiated carcinoma, with increase « the 

-^^^ten^c^P^^ 0rjgina , ^Potion: x 200 <A-F> 



increasing tumor jr**** and inccn,c 
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FIGURE 3. Meojoiie prwme ttoue lt ^™?^^^^^^^»«i"^ 1 ^*^ crrtrtn«^^^^l»n^ , «^^«^^ , ^^^"^P'^^^ 1 ^ *^^'v*-Q^'^* 0 
.howfa™ imen^ tool »nd luminal membra rammt (.rrow,) »*>c*«° 7 



ihowtnx intense 

(7796) ol epithelial cells expressing PSMA was in 

prostate specimens, and the lowest percentage ol positive 

cells (2996) occurred in the BPH specimens. 

Expression and Cellular Localization of 
PSMA in Prostate Tissues . 
We evaluated PSMA expression in prostate ^ utt J"/*" 
taking into consideration both the percentage and the : stain- 
ing intensity ol prostate epithelial celis. A .sum «*« was 
calculated by multiplying the mean percentage ol cells ex 
pressing PSMA by the staining intensity (I = low; ™£x 
erate;3 - high intensity). With this approac BPH 
clearly had the lowest stain index (SI = 52). ie. the owest 
number ol positive epithelial cells and the ^•JTJ 
intensity (Table 2. Rgure IE). Both «h<number o, ^ 
cells and the staining intensity increased in the PIN (Figure 
IC) and the malignant prostate specimens (Figure i). w.th the 
highest index (SI - 2S8) determined lor the bone m^iasiat.c 



specimens. Although the normal prostate tissues had a Wgh 
stain index (SI = 146). the staining patteni was o^ite^len^t 
Crom that ol the other tissue specimens. In these specimens 
PSMA expression was predominantly diOuse and Lcgoptanic 
with low to moderate staining intensity (Table * 
with an occasional duct or luminal cell vang lurnlnal 
membrane staining. Of all prostate ussues cxarrd^ BPH 
demonstrated the greatest antigenic ,^"°8* n ^? PSMA 
trast to normal prostate, lew luminal cells expressed PSMA 
and the expression was often focal, with ^^f^J^' 
brane staining and minimal cytoplasmic staining (Figure IE* 
SlN tesions had a stain index (SI - 130) similar to normal 
prostate but showed a more intense, diffuse ^P^fJ"** 
luminal membrane staining (Rgure lG).The 
133) lor PSMA expression in the 165 P"™^™** 
nomas evaluated, including all histopathologic grades.^ was 
similar to the index lor normal and PIN tissues CTablj ^ 
Cellular localization ol PSMA in these tissues « n 8~J~? 
dilh.se cytoplasmic staining in the well-differentiated spec.- 
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• nrrinomai to Illustrate the differential PSMA expression in various tissue types 

FIGURE 4. Invnunoperoxid^e «ain.n* of three r^~P«« ^ ^TecJom Eom two different patients, respect*. A). C), **d 0)were 
* the same specimen. A) and B) are serial sections from one f*^/^^ ^^Vo*^ and well-differentiated (arrow,) areas, compal^ wHh the 
Toted^PSr^ and B) was soined <<" ™ »™™^ * °> * the poorly diHerentiated carcinocna areas, Note *at 

intense focal and luminal membrane inning w.th^ome ^^^V" 
^tissue areas stained for PSA (B). Original magmfication: x 100 (A-O). 



TABLE 2 DIFFERENTIAL EXPRESS.ON OF PROSTATE-SPECIFIC MEMBRANE ANTIGEN IN FORMALIN-RXED. 
PARAFFIN-EMBEDDED PROSTATE TISSUES 



Tissue 

Normal 
BPH 
PIN 
CaP 

LN mete 
Bone mets 



No. positive/ 
no. tested 

12/12(100%) 
22/27 (81%) 
21/21 (100%) 
157/165(95%) 
60/64 (94%) 
7/7(100%) 



positive 
cells' 

77 ± 32 
29 29 
59 i 21 
53 £32 
72 ±36 
92 ± 10 



Intensity* 

1.9 2: 033 
IB £ 0.90 
22 t. 037 
25 t. 0.66 

2.7 ± 032 

2.8 = 0.40 



Stain 
index 6 



PSMA localization' 



DC 



FC 



F/M 



LE 




• OC ■ dllluK eyioplaimic: FC 
abbreviations as in Table I. 

•Mean k SO. „c« e ..(asf ol ceil. siaimng by «l.e slalnii* inlensSlv. 

'Siai- calc.la.ed by ^^^^tF 1.1.1a*. 

•♦ a low staining: ♦ + = wmderale »ia««i»R. «• 
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_ to llltense focal and luminal membrane 

mens (Figure 2A) to intense io»- wjch-crade careino- 
$tei ning In the moderate f wT sometimes ob- 
mas CF,gure 2E> ^ nu , d ^SSsTso^e ol the high- 
served in a lew malignant c P lt ^^f"^ evident for all 
grade specimens. S ^^^^observed in the low to 
Lnor grades, with *>e highest ^^^to*. „ lcrTns of 
moderate grades. The highest PSMA «pr^ * 
nSuber ofSls staining and rmtensi* ^^J'^^ 
served in the metastatic Ussues JJ' e ^^on' oI PSMA in 
in Figure 3. the predominant celular "P^ 1 intense 
the lymph node and bone ^^^^ cytoplasmic 
apical membrane staining. ^^^T^nding of ocea- 
fining (Hgure 3). Less ^^^^cdfocal areas 
sional perinuclear staining and intensery swm 



within the cytoplasm (not shown).The PSMA staiiung pattern 
^vedlnA^ metastatic tissues was similar to that tor^K 
rSoSSe to high-grade prostate <*^^^%£* 
ure 2C and E); however, there was considerable less staining 
heterogeneity in the metastatic tissues. . 

PSMA Expression by Tumor Grade 
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sion ol PSMA in low- and high-grade carcmomas "J* ™« 
accurately accessed when separate indexes l £ 
lor Ihe low- and high-grade areas Mined Im * 
mor specimen. Table 4 shows the results ol PSMA «P re "'°" 
in 22 randomly selected high-grade carcinomas contoining 
local areas ol low-grade carcinoma, to all 22 cases, the ? to,n 
index lor the high-grade areas (mean SI - 
than that lor the low-grade areas (mean SI = 59). Figure* 
shows the differential staining patterns in three caranonu 
specimens containing both high- and ^Zt^Z'- 
Strong staining was observed in the pooriy ^Icrentoted ar, 
olten with minimal to no staining ol the low-grade areas 
S the 5 nonnaUbenign areas. No correlation v^ ound be- 
tween PSMA expression and clinical or pathologic stage (data 
not shown). 

PSMA Expression in Lymph 
Node Metastases 

The high PSMA expression in metastatic lymph «^JHof 
64 positive nodes. SI - 194; Table 2) suggested that PSMA 



expression in primary carcinomas may. represent a biomarVcer 
ol metastatic progression. Although the percentage ot tumor 
cells expressing PSMA often was increased in the metastatic 
lymph node (Table 5). the patient's primary carcinoma did 
not reflect this PSMA activity; therefore, PSMA staining in the 
primary tumor was not predictive o! nodal status (Table 6). 
Similarly. PSMA expression did not correlate with positive 
margins, extracapsular penetration, or seminal vesicle Inva- 
sion (data n<^ shown). Correspondingly. PSA expression also 
did not correlate with these pathologic parameters (data not 
shown).' 

Discussion 

Prostate-specific membrane antigen Is expressed as a prom- 
inent Mr 12OJ0O0 transmembrane glycoprotein in prostate tis- 
sue extracts and seminal plasma.*"* It is detected using the 
mouse MAb 7E11-CS3. produced against a membrane extract 
of LNCaP cells. 74 * 47 Immunostaining of normal and malig- 
nant tissues demonstrated that PSMA expression is highly 
restricted to prostate tissues 7 " (also Wright GL Jr. Haley C 



-r Am c r pyprfsSION OF PROSTATE-SPECIFIC MEMBRANE ANTIGEN ^ 
^5S A I^ L^ NODE METASTASIS 



Primary carcinoma 



Patient 



Glcason* 
sum 



Percent cells 



Me tastatic lymph nodes 
Percent cells 



PSMA 



PSA 



PSMA 



PSA 



CA2577 
CA1290 
CA5624 
CA4306. 



4 
4 

5 
S 



CA2149 
CA2071 
CA9970 
CA1842 
CA5972 
CA6918 
CA4495 
CA5371 
CA8170 
CM197 
CA1064 
CA6136 
CA1007 
GU435 
CA1640 
CA1602 
CA4475 
CA1360 
CMSS1 
CA5750 
CA8292 
CA3411 
-CA3984 



6 
7 
7 
7 
7 
7 
7 
7 
7 
7 

r 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
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Beckett ML, unpublished results). Early immunohistochemis- 
^dSh^ed that MAb 7E1 1<S2 bo-d the ^2 -us- 
cie libers o( normal skeletal muscle; however, a >^ at ~"^ 
in^oconjugate (CYT-3S6) of MAb 7EU-CS3 J 0 " 
Sito skeletal muscle." Recent studies in our l^tory 
S£erV Feng Q. Beckett ML, Wright 
results) and at Sloan-Kettering 18 have shown that 

glycoprotein nor the PSMA mRNA could be ^^edin 
^extracts ol normal skeletal muscle, suggesting that the 
SSJS^ununostaining in skeletal muscle is enUrely, «J- 
^emTpurther studies from these laboratories 

and PSMA (Troyer et at, unpublished resu Its) _ m ex- 
J^of formal braCaUvary gland, and ^>'"^ C J£ 
SoSng procedures.but not by ^^^S^JtZ 
xen or formalin-Tued tissue sections 7 " Cf^J 
. ^published results).These results suggest 
I egression is below the detection limits of ^. mS 
F Semistry assay or thatpost-translational mcxi.r.catiortt mask 
2TSE epitope in tnesVtissues ^fdHLJ^g^ 
chemistry studies focused on evaluating the ^"vldes a 
MAbTEll-CSJ tissue reactivity. The present study P ; «*gp- a 

Save descriptive ^^^^^^^ 
PSMA expression in normal, benign, and malignant prostate 

^unoreactrvity lor PSMA was detected in all *pes* 
prostate epithelium, confirming organ speoOoty ^*™on 
pn^tatecarcinornaspe^ 

ol PSMA and PSA in all tissue specimens, with ™ ^ c j£™ 
S BPH and bone metastases, paralleled each other^^ 

Son of PSMA in the majority of BPH speomens ^PP^ 1 ^ 
be both very heterogeneous -^e^-fob^Sn 
munostaining results correlate with * c '^ °~^ ugh 
that PSMA mRNA levels are low to ™ *^J^^5« 

they are high in both normal and malignant prostate 
treason for this phenomenon has yet to be d^ermm«L 
ScenTSidence localizing the antigenic *^Jffifig£ 
bTwAb 7EH-CS-3 in the cytoplasmic domain of 
glycoprotein (see Trover etal. this issuef ""J^**^ 
dicing variant involving the N-term.r^ am-o ^ ^ 
cuence could be responsible for the low PSMA ^"^j" 
BPH tissues. New antibodies to different ^MA ep,top« may 
Stf in addressing this question. Further stud.es ^ re- 
quired to evaluate this or alternative hypotheses to explain 
the low PSMA expression in BPH tissues. - w ■ 
Tn e pattern and localization ~ 
able lor all prostate tissues examined, witn 
munoreactiviry observed in all prostate ep.thel 
contrast to a diffuse cytoplasmic staining, luminal memDrane 



staining was found in PIN and primary and metastatic carci- 
noma tissues, with the most prominent membrane staining 
observed in poorly differentiated primary carcinomas ana 
S3c tissues. Based on the calculated stain indexes. 
PSMA was markedly overexpressed in the primary bssues 
with a high Gleason sum and in both metastatic lymph node 
and bone lesions. However, in contrast to primary tumors, the 
metastatic tissues demonstrated less staining heterogeneity. 
The reason lor this apparent up-regulationwith more uiuform 
expression in the metastatic tissues is unknown. The ejlectoi 
hormones on PSMA expression is oirrenUy being evaluated. 

Although PSMA is an integral transmembrane protein, me 
cytoplasmic staining observed in prostate epiunel^ epe- 
dally in normal prostate tissues and well-diHerentiated tu- 
mors, could be explained by the location of the epitope in the 
cytoplasmic domain. Preliminary studies in our laboratory, 
using both light and electron immunomicrpscopy. have dem- 
onstrated intracellular as well as membrane staining incul- 
tured LNCaP cells. 2 " 1 Immunoelectron microscopy * hov *« 1 
-=MAb-7Ell-CSJ localiratipn at-the internal region ql the 
plasma membrane, confirming the rnapping o I the 
epitope to the intracellular domain. Besides binding atj toe 
Sternal plasma membrane, MAb 7E11-CS3 also lo^Uedto 
certain cytoplasmic organelles. Further studies are to prog- 
reWto determine whether the cellular localization of PSMA 
observed in LNCaP cells also occurs in prostate 
any event, strong evidence is presented that 
expressed intracellularly Oe. intracellular organelles) and at 
the cytoplasmic face of the plasma membrane ol LNCaP cells 

and prostate tissues. . „__ 

The observed cytoplasmic ^^f^Z^SSi 
Con raise the question ol how the '"In-labeled 7E«-CS3 
immunoconjugate C m »n-CYT-3S6) is able to »rnage prostate 
cancer in vivo." Epitope -mapping experiments conductodln 
our laboratory have yet to demonstrate an epitope recog- 
nized by MAb 7E11-CS3 in the extracellular domain of the 
PSMA glycoprotein (Troyer et al. ^^S!mxal 
stated above, the only epitope recognized by MAb 7E11-QJ 
is located in the cytoplasmic domain. The ^ U «^T?£ 
epitope is not found in the extracellular polypeptide 
b quite possible.however. that the MAb 
lower-affinity epitope expressed in the exu^cellul^ domain, 
thereby explaining successful imaging of. the prostate cancer. 
Based on the amino acid sequence, there ^ numc ™* * £ 
cosylation sites available, suggesting that * e 
oeotide is heavily glycosylated. If this is true, u^en glycosyla- 
Ton may in lac/mlsk the binding Of MAb 7E11-CS3 to Jhese 
epitopes. Furthermore, carbohydrates are not part of the 
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epitope recognized by MAb 7EU-CS3.0nly the linear N-ter- 
minal peptide region is required lor antibody binding. Based 
on these observations, the only mechanism lor binding ol the 
immunoconjugate to its antigenic target would be by binding 
to shed antigen in the intercellular spaces or passing through 
the plasma membrane to reach the epitope. The latter may be 
possible if the cells are undergoing apoptosis or necrosis. It is 
entirely possible that the intensely stained focal deposits in 
the cytoplasm of some malignant cells may represent apop- 
tosis. This possibility is currently being explored. We know 
that PSMA is shed into prostatic fluid and is present in sem- 
inal plasma (Troyer et al, unpublished results), but we have 
not been able to confirm the initial observations that PSMA 
is also shed in serum. Further studies will be required to 
elucidate fully how the ,ll ln-CYT-356 immunoconjugate im- 
ages prostate carcinomas. 

Expression of PSMA appeared to correlate with tumor 
grade. When separate stain indexes were calculated for a ran- 
dom cohort of high-grade tumors (SI - 244) containing focal 
areas of low-grade tumor (SI « 59), the marked overexpres- 
sion of PSMA in the high-grade areas became more clearly 
evident In contrast 90-100% of all prostate epithelial ceJls in 
these tissues intensely expressed PSA- In this study, PSMA 
expression did not correlate with pathologic stage. However, 
the majority of tumors examined were stage C disease- Be- 
cause of the marked overexpression observed in poorly dif- 
ferentiated and metastatic prostate tumors, it might be ex- 
pected that PSMA expression would correlate with the more 
aggressive and advanced stage D2 tumors. Additional studies 
will be required to determine whether this is the case, 

Based on our initial observations of the intense membrane 

— expression inthe high-grade areas of primary tumors plustiie_^ 
overexpression in the metastatic tumor specimens, we pos- 
tulated that this pattern of PSMA expression in the primary 
carcinomas would predict metastasis or tumor progression. 
However, this was not the case. Evaluation of the nodal status 
of 99 prostate cancer patients failed to show any correlation 
with the expression of PSMA in their primary carcinoma; nor 
was PSMA expression in the primary tumor predictive of ex- 
tracapsular penetration or seminal vesicle invasion. Because 
most ol the prostate carcinoma specimens were from patients 
who had had a radical prostatectomy, no attempt could be. 
made in this series to determine the effects of radiation and 
hormone deprivation therapy on PSMA expression. However, 
we have noted in preliminary studies that hormone ablation 
therapy either has no effect on or up-regulates PSMA expres- 
sion (Grpb RM, Haley C Newhall K, Schellhammer PF, Wngnt 
GL Jr, unpublished results). The effect of hormone ablauon 
therapy on PSMA expression will be the subject of a separate 

report - * 

This study demonstrates the differential expression ol 
PSMA in normal, benign, and malignant prostate tissues- The 
unexpectedly tow expression in BPH tissues, as compared 
with normal and malignant prostate tissues, deserves further 
evaluation to determine the mechanism for the low expres- 
sion and to exploit this observation as a possible means to 
differentiate BPH from CaP. We found that PSMA was overex- 
pressed in the poorly differentiated and metastatic tumors. 
Although PSMA expression in the primary tumor was not pre- 
dictive of metastatic disease, high expression appears to be 



associated with the more aggressive prostate tumor, espe- 
cially lor hormone-refractory cancers. Because of the 1 prom- 
inent intracellular location of the antigenic epitope, a mech- 
anism to explain the clinical success of radiologic imaging 
with CYT-356 remains uncertain. Nevertheless, the restricted 
specificity, differential prostate tissue expression, and over- 
expression of PSMA in metastatic tissues support the contin- 
ued study of this unique prostate tumor-associated biomar- 
leer for developing new strategies for the diagnosis and ther- 
apy of prostate cancer. 
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